FACILITY FORM 602

FAR-FIELD SOUNID_PROPAGATION AS RELATED
" TO SPACE VEHICLE STATIC FIRINGS

By

Orvel E. Smith

1 Presented to the Fif th CGonference on Applied © 7,
Meteoralogy of The:American Meteorological Society:
Atmospherlc Problems of Aerospace Vehicles
March 2-6, 1964
Atlantic City, Newi Jersey

%h\
2N
2
- >
-
™3
§ )
AERO-ASTRODYNAMICS LABORATORW of
GEORGE C. MARSHALL SPACE FLIGHT CE )%

&

NATIONAL AERONAUTICS AND SPACE ADMINIST

(AccsssmWBER) NW 8 6 9

(P)A(GES)/ \j'7j / (CODE)
A
(N;:smfc/kogk TMX OR AD NUMBER) (CATEGORY)



ABSTRACT

As space vehicle boosters become larger in thrust, the emitted sound
energy that is propagated through the atmosphere becomes of greater
concern to the organizations performing the static firings due to disturbance
or nuisance to the near-by communities. Far-field sound intensity levels
are calculated using the inverse square law and a theoretical model based
on the acoustical equivalence to Snell's refraction law. The theoretical
moc:1e1 requires a knowledge of the sound source intensity and the velocity
of sound profile. This model requires accurate measurements of the
vertical structure of virtual temperature, wind speed and direction from
which the velocity of sound profile is derived. The necessary simplifying
assumptions used in deriving the theoretical model will be discussed. The
sound intensity level as derived from the theoretical model and empirical
measurements from an acoustical horn and the static firings of the SATURN
booster are compared. Practical operational techniques used in performing
atmospheric measurements, atmospheric predictions, and sound intensity

level calculations for the static firing of large boosters will be discussed.



SECTION I. INTRODUCTION

A. CHARACTERISTICS OF SOUND SOURCE

In order to obtain an appreciation for the magnitude of the sound
generated from several aerospace boosters, a comparison of the estimated
total acoustical power level for the JUPITER, SATURN I, SATURN V and
NOVA is presented (Fig. 1). These values are determined by assuming an
exhaust velocity for the engines and that 1% of the jet's total power is
converted into acoustical power. An increase of only 10 for the total acous-
fical power level for the 1.5 million pound thrust engine' over that of the
0. 15 million pound thrust engine is not an impressive increase in acoustical
power level. However, of greater importance is that as the engine thrust
increases a larger portion of the acoustical energy is generated at the
lower frequencies. The theoretically -derived power levels do not form an
estimate of the frequency dependence of the acoustical energy. For this
reason experimental values for the acousticai power level are needed. It
has already been learned (Ref. 7) that the power spectra of peak acoustical
energy shifts by one octave toward lower frequencies for the JUPITER
engine to that of the SATURN I. The acoustical energy generated by the
SATURN I engine peaks between 10 cps and 100 cps (Ref. 7). In terms of
sound propagation through the atmosphere, the lower the frequency the

smaller is the acoustical attendation and thus the greater possibility of



disturbances to the surrounding communities. Also, the lower the
frequencies the higher the probability becomes that building structures
will be damaged due to acoustical energy corrﬁng in resonancewith the
natural frequencies of building structures.
B. INVERSE SQUARE LAW FOR SOUND PROPAGATION

Using the estimated total acoustical power level for the several
vehicles and the assumptions of the inverse square law for sound propaga-
tion, the over-all sound pressure level in decibels (db re: 1073 watts)
versus distance from the sound source is calculated (Fig. 2). The value
of 110 db has been selected as a critical over-all sound pressure level in
terms of disturbances to the surrounding community. The radius for the
critical sound pressure level for the SATURN I, assuming the inverse

square law, is 10 km (6 miles) and for the SATURN V the radius is 19 km
(13 miles). Under the assumptions of the inverse square law for sound
propagation, one would predict that every time a SATURN V was static fired
at George C. Marshall Space Flight Centey (MSFC), an over-all sound Pressure
level & 110 db would result over the city of Huntsville, as well as a number

of surrounding communities (a populated area of approximately 150,000 inhabitants)

(Fig. 3).

It will be recalled that the inverse square law assumes a

homogeneous media through which the acoustical energy.is propagated,

i. e., the velocity of sound with respect to altitude and horizontal distance
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is everywhere constant. We know this condition never exists in the real
atmosphere. Even so, the inverse square law has some theoretical value
in understanding certain boundary or 1imiting conditions for the propagation
of sound through the atmosphere.

C. APPROACHES TO THE PROBLEM OF FAR-FIELD ACOUSTICS

In view of the estimated over-all sound pressure level versus
distance from the sound source by the inverse square law, the question is
asked: "What is being done atvMSF'C to eliminate the problem of sound
generated by the SATURN engines?" Three approaches are being followed
namely: (1) D_evelop a new static test facility located in a less densely
populated area. This is being done. Plans call for an operational facility
(M10) :

at the Mississippi Test Operatiors/{located in southern Mis sissippi by

early 1966. The MTO will static test the SATURN V booster and larger

boosters yet to be developed. The first group of SATURN V boosters will,

however, be sté,tic tested at MSFC. (2) Invest in an engineering effort to
suppress the sound at the source. This is being done. The Test Labora-
tory already has a working sound suppression model. From this model
sound suppression techniques can be studied, aﬁd the feasibility of
engineering a full-scale facility to suppress the sound from the SATURN V
and larger booéters can be determined. (3) The third ‘appro-ach';, is to
determine the relationship between atmospheric conditions and anomalous

(b

sound propagation and/predict the atmospheric conditions which cause



(c)

anomalous sound propagation and/restrict static tests to those conditions
which will not produce high sound pressure levels in the surrounding
communities. This area of analytical investigations and practical opera-

tional procedures will be pursued in the discussions of this paper.
SECTION II. RAY ACOUSTICS AND SOUND INTENSITY LEVEL

A. RAY ACOUSTICS

One method that has been used by several investigators (Refs. 5,
8, 10, 12 and 13) to study the relationship between atmospheric conditions
and anomalous sound propagation over long distances is known as ray
acoustics or sound ray tracing technique. Essentially, the acoustical
equivalence to Snell's refraction law is derived and a system of practical
equations developed to obtain the ray patterns. "By definition a ray is a
curve whose tangent everywhere points into the direction in which the
energy contained in the vibrating element is propagated' (Heybey, Ref. 9).
The derivation of the acoustical equivalence-toSnell's refraction law will
not be presented in this paper, since the derivation in view of the appli-
cations to the acoustic problem at MSFC is presehted in detail in the two
excellent works of Heybey (R_erf‘;s. 8 and 9). Furthermore, Heybey derives
the necessary analytical expressions to determine the theoretical sound

intensity level (Ref. 8).



B. The first essential in applying the sound ray tracing technique
and the determination of sound intensity level is the velocity of sound

profile. The velocity of sound is given by:
V = 20, 0468NT*+ Wind Component

where T* is virtual temperature in °K. The wind component is longi~
tudinal to the azimuth of interest and is determined from the wind speed
and direction. V is the velocity of sound in m/sec.

‘Virtual temperature and wind component are either measured
values or predicted values with respect to height above the local terrain,

The system of practical equations to map the rays as they trans-
verse the atmosphere has been devised by several investigators (Refs. 5,
8, 10, 12, 13 and 20). The development of the practical ray tracing
équations that are used in the investigations for this paper is due to
Mr. J. Mabry, a member of the Aero-Astrodynamics Laboratory

(Ref. 12).

The velocity of sound with respect to height is considered to be
linear over a small height.increrr‘xent or layer. The height increment is
taken to be approximately 200 m as determined by data reduction for the
velocity of sound from rawinsonde measurements at one-half minute incre~
ments of balloon elapse time (Ref. 4). The velocity of sound with respect
to altitude is the only required data for the ray tracing equations. This

system of equations simply ti‘aces the ray through the atmosphere by



computing the segment of path in each succeeding layer. The path of the
ray will either continue to transverse the layers or return back to the
earth's surface, depending on the slopes of the velocity of sound profile
or vertical gradients.

From ray acoustic calculations the vertical gradients of the
velocity of sound with respect to the ray patterns can be characterized,
Five idealized velocity of sound profiles are presented in Fig, 4. The
first profile has a single negative gradient. The rays are deflected
upward into the atmosphere, and this produces the condition of no rays
returning., The second profile is known as the ""zero'' gradient. This
condition is required for the inverse square law of sound propagation to
be valid. The third profile has a positive gradient followed by a negative
gradient. This condition produces ray concentration. In prgctice this

condition has been observed to produce near uniformity in the distance
between consecutive intercepts of the ray to the plane tangent to the initial
velocity of sound. So an alternate description for this condition could be
""uniform rays returning'.

The fourth condition is that velocity of 'sound profile which produces
ray focusing. It is characterized by a negative gradient, then a positive
gradient, fqllowed by a negative gradient. The positive gradient must be
‘such that the velocity of sound 1n this layer exceeds that at the earth's

surface or initial velocity of sound.



The fifth profile produces the combination condition of ray
concentrdtion and focusing.

The actual performance of the task of computing the path of the
ray is lengthy and can best be performed through the use of an electronic
computer. Two types of computers may be used: one, an analog computer,
and secondly a digital computer. Figures 4, 5 and 6 present three different
ray patterns. These evaluations were performed by the Computation
Laboratory (Ref. 21) using a general purpose analog computer assigned
to the Aero-Astrodynamics Laboratory. Should these ray patterns appear
similar to those of Perkins (Ref. 10), the similarity is not coincidental.
The velocity of sound profiles were so selected to check out the computer
program. The purpose of the analog computer program for the ray acoustic
at MSFC is for basic research and to simulate the ray patterns from a
moving sound source as would be experienced from the flight of a space
vehicle.

Ray acoustics calculations can be’performgd by a digital computer
and the results tabulated for furﬂzter analysis or preseni‘;ed in graphical
form. For static test operations at MSFC, the ‘Test Laboratory pefforms

this operation. An example of a ray plot is given in Fig. 8.



SECTION III. THEORETICAL SOUND INTENSITY LEVEL

The ray patterns in themselves do not give an estimate of the sound
intensity level to be expected from a given velocity of sound profile,

Only through experience and the collection of measured sound pressure
level data can a correlation between the ray patterns and sound intensity
level be oBtained. However, from theoretical consideration, it can be
sta.tgd that in those areas where sound rays do return the sound intensity
level may be higher than that predicted by the inverse square law, and
in a focal area the sound intensity level . may be much higher than that
predicted by the inverse square law. Conversely, in those areas where
no rays return the sound intensity level will be lower than that predicted
by the inverse square law.

Estimates of the sound intensity level versus distance from the static
test of an aerospace vehicle that has never been static fired, for the
condition of no rays returning, rays returning and ray focusing must be
made for operational planning.

Due to a method derived by Heybey (Ref, 8) the sound intensity level
can be estimated from a knowledge of the velocity lof sound profile and
the acoustical power level of the sound source. A similar method is
presented in the Handbook of Aeropysics (Ref. 20). Since there'ar:e no deri-
vations pres‘enteq in reference 20 and the article is difficult to follow,

we shall use the equations derived by Heybey.
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The sound intensity level, IL, is calculated from the expression:

1 1 1
IL = D«e.- 10 1§g gy + }O 1og[§5<-; JXsé ctn 8%
. de, .
where D is derived from the total power level, PWL, at the sound source.

Xgs is the horizontal distance from the sound source to the inéidence of the
ray landing on the plane tangent to the earth's surface aj: the sound source.
Xg andi%—gﬁare derived from the velocity of sound profile. 6y is the angle
of the ra; leaving the sound source and is incremented at small arbitrary
intervals. IL is the over-all sound intensity level in the units,

db re: 1072 watts /ft*.

The characteristics of this equation are:’

(1) When the increase of the velocity of sound with respect to height
is linear, the argument of the logarithm for small 8y angles is approxi-
mately ;{LZ- Therefore, under this condition the inverse square law for

s

sound proéagation is approximated.

(2) At a focal point the intensity level is undefined since at a focal

dX [N ) z dX .
point.é;_S_..}is zero. (The condition of. d(-)s = 0 defines a focal point. )
. e ‘

- o
(3) When the velocity of sound decreases at all altitudes, no rays

return and hence the intensity level is not determinable. Only for the
condition of rays returning can the inténsity level be calculated.

In deriving the intensity level equation as well as the practical ray
acoustic equation, it is ’nepessary to make certain simplifying assump-

tions about the structure of the atmosphere. These assumptions are:
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(1) That the velocity of sound with respect to altitude is linear over
small altitude intervals.

(2) That the velocity of sound is uniform with respect to horizontal
distances for the linear altitude intervals.

(3) That there is no vertical wind component.

(4) That there is no horizontal acceleration in the wind velocity field.

In deriving the intensity level equation attenuation of energy is not
taken into account. It is hoped through the continued acoustic and atmos-
pheric measuring programs at MSFC that an appropriate empirical
attenuation term can be determined.

In spite of these limitations useful and practical results can be obtained
from the sound intensity level equation. In Fig. 9 a comparison is made
between the theoretical sound intensity level, inverse square law, and
measured over-~all sound pressure level for a static test of SATURN I,
which was conducted on February 27, 1963, 2248 Z (1648 CST). The sharp
rise in the sound intensity level curve at 16 km distance is attributed to a
focal condition.

Since at a focal point the IL is not analyticélly defined, the calculated
IL is unrealistically high due to the practice of using a finite increment of
0o (the angle at which the ray parts from the sound source). Some form of
space averaging should be devised to represent the IL for the focal zones.

Also, it is considered that the IL may be reduced at a focal point by ray

12



interference (Ref, 20). Moreover, the IL as shown in Fig. 11 is with
respect to a flat earth's surface. Terrain features which intercept the
incoming rays may éhange the IL pattern to some extent, particularly for
sma].i 6o, More serious thaﬁ thié feature is the lack of an appropriate atten-
uation term, particularly for large distances, i.e., distances greater than
15 km.

At 30 and 34 km distances from the sound source two other focal points
are in evidence. These focal points are also apparent from the ray trace
given in Fig. 8.

Another way to present the sound intensity levels derived from the
rawinsonde measurements for the velocity of sound and the acoustical
power of the sound source is shbwn in Fig. 11. Here the sound intensity
. levels were derived for approximately 36 azimuths and isacoustic lines
(lines of constant sound intensity level) have been drawn. The sound source
is considered to be at the dgnter of the coordinate axis. In those areas
where rays do not return the sound intensity levels are not derived.

(Fig. 10 is to be used an an overlay for Fig. 11 and Figs. 16-19.)

From Fig. 11 several focal areas are in evidence. The focal areas
are characterized by high intensity level values and large gradients.

Due to the lack of better information on attenuation of sound, the mean
values of excess attenuation 'by Wilhvold (Ref. 19) will be used to illustrate

how the theoretically derived sound intensity levels of Fig. 11, may be
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reduced by using these for excess attenuation. Given, for example, the
"IL; at 15 km is 120 db, then using the attenuation factor which is a function
of the octave center band frequency, the sound pressure level for the

given frequencies at 15 km can be estimated.

Table 1
Center Band Frequency | Excess Attenuation | Theoretical Intensity Level
‘ = 120 db (120 db less Excess

(cps) (db/km) Attenuation)
10 ‘ 0.148 118
20 ‘ 0. 360 115
40 ‘ 0.690 | 110
80 1.15 103
160 1.70 94
320 | 2.40 84
640 3..30 _ 70
1280 ' 3.90 61

With the addition of the attenuation fac;:or, the IL as given in Fig. 11
becomes more reasonable with physical reality except in the focal areas.

It is known that the sound generated by the static test of space engines
has directivity due to the flame deflectors (Ref. 16). So an exp?'gassion

giving the sound intensity as function of distance from the sound source

and sound vibration frequency should be of the form:
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IL = F (PWL of Source) + F (Directivity of Source) + F (Frequency of
Source) + F (Velocity of Sound in the Propagating Media)
+F(Attenuation).
The first term, the PWL c;'f gource, can be determined theoretically,
but it should also be determined from measurements for the particular engine
or engine cluster., The second term, directivity of source, is dependent on the
configuration o-‘f the gtatic test stand and engine characteristics and should be
determined from mgasuremerits‘. The third term, frequency of sound source, should
be determined from measurement. The fourth term, velocity of sound in the propa=
gating media, is controlled by the atmospheric conditions and it is suggested
that the ray acoustics and theoretical sound /intensity level procedurey deviged
by Heybey and Mabxry (Refs. 9 and 12) is a good point of departure for further
research., The fifth term, the attenuation of sound through the atmosphere, is
probably the least understood and is an area for comsiderable basic research
-using carefully controlled sound and atmospheric measureme:nts.. The attenuation
term should include molecular and classical attenuation ‘ag well as dynamic effects

or atmospheric turbulence.

'SEC'TION IV. ATMOSPHERIC AND ACOUSTIC MEASURING
PROGRAM AT MISSISSIPPL TEST OPERATIONS
There is in addition to the existing atmonheri’c and acoustic measuring
program at MSFC - Huntsville, a combined effort on the part ¢f Aero-Astro-
dynamicy ‘Laboratpry and Test Laboratory to: obtain simultaneous atmospheric
measurements and acoustical ﬁeasurements at Mississippi Test Operations (MTO).
The Test Laboratory uses an exponential acoustical horn as the sound source

(Ref. 15). At MIO the horn has a sound power level capability up to 6,000 watts.
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(AT MSFC the sound power level capability of the acoustical horn is up to
178,000 watts). The sound pressure is measured by sound pressure level

meters and tape recording type sound pressure instruments. The atmospheric
measurements are obtained from the rawinsonde GMD-1B system. Using these

simul taneous measurements of sound pressure levels and atmospheric measurements
from which sound intensity levels have been caleulated, a comparison is made
between the sound intensity level and sound pressure level. The exact position
at which the 'sound pressure level measurements were made was not commumicated
to the author.(Ref. 22)., Therefore, the best agreement between the gound
pressure level -and the theoretical sound intensity level within 4500 m distance
was chosen for this comparison. These data are summarized in Figg. 12 and 13
for two different atmospheric conditions. In Fig. 12 a comparison is made
between sound intensity level and the measured sound pressure level for the
atmospheric conditions which produce uniform rays returning. The standard
regression error is 5.2 db. TIn Fig. 12 the intensity level for all conditions
of rays returning, including focal conditions axe compared with the sound
pressure level measurements. The standard regression error here is 7.1 db.
Contributing to the regressiou.errofs are: (1) Theoretical assumptions for
the intensity level calculations (2) errors in atmospheric and acoustic
measurements and (3) time and space variability of gtmosphe;'ic p'aramet-ers. '
The major criticism of this comparison lies in the manmer in whic‘h the best
agreement between the s.oun& intens'ity l"evel and the sound pressure level -

measurements was selected. In view of the influence of small errows in

16



the velocity of sound profile on the sound intensity level and short time
variations inthe winti flow, the comparison made in this manner may not
be entirely invalid., Plots were made of the difference between the sound
pressure level and the sound intensity level versus distance from the
sound sou‘rce, andno apparent correlation with i'espect to distances from
sound source was noted. Therefore, it is concluded that under similar
situaﬁons at MTO usable and practical results from the sound intensity
level calculations can be used to predict the expected sound pressure level
versus dista?nce from source for the SATURN V and larger class vehicle

boosters.
SECTION V. STATISTICAL ANALYSIS OF SOUND INTENSITY LEVEL

Far in advance of actual static tests, sométimes several years in’
advance, the planning engineers must know the influence of pertinent
atmosphei’ic conditions on the facility operaﬁons. Two approaches may
be used to show the relationship between atmospheric parameters and
engineering design pé.rameters used in planning a facility. One approach
is to take the summarized statistics of atmospheric parameters and
attempt to derive thev influence of these parameters on the facility. The
monthly mean values of temperature, ervjnd components and their standard -

deviations for discrete altitude levels were used, by Bolt Beranek and Newman

N (Ref. 23) to arrive at an estimated frequency at which sound generated
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from the vehicle would b¢ intensified by quadrant areas. Estimates based
on such a procedure should be viewed with caution because the correlations
between pafameters with respect to altitude should be considered. Often
times the required correlation values are not immediately available and
must be derived.

It is proposed that a better procedure is to (1) derive the required
analytical equations relating the atmospheric variables to that of the required
engineering design parameters, (2) use the individual atmospheric measure~
ments to calculate the engineering parameters for design and (3)summarize
these data in a statistical manner.

This method will not only yield a more efficient estimate of the frequency
of the occurrence for the particular parameters of interest, but will often
timeg be more -economical than computing all of the required correlations
between the atmospheric parameters themselves.,

This procedure was followed in constructing Figs. 14 through 19 which
will be discussed in the following paragraphs. Using the individual rawin-
sonde measurements taken at MSFC at 1630 CST for Janug,ry 1962 and
January 1963, the ray acoustics and intensity lév.els were calculated. The

‘frequency at which the rays return along each of 36 azimuths was computed.
From Fig. 14 it can be seen that 100% of the 1630 CST rawinsonde measure-
ments produced rays returning somewhere along the 90° azimuth (east of

MSFC). Along the west azimuth 270° only 35% of the 1630 CST rawinsonde

18



measurements produced rays returning. Similarly, ;che frequency of rays
returning along the azimuths 90° and 270° for July (Fig. 15) are 60% and 18%
respectively. Any time rays returned, the sound pressure level from a
static test can be expected to be higher than those conditions with no rays
returning. Therefore, charts like these for all months of the year would
assist a site plar}ning group to take optimum advantage of test facility and
community populations in orientating the static test stand such that there

is a ‘'minimum likelihood for disturbances due to anomalous sound propaga-
tion resulting from test operations. From a knowledge of the prevailing
wind directionuz; t'g’ 000 m altitude over Huntsville these conclusions could
have been drawn: the frequency at which rays returned would be higher
toward the east than toward the west. However, the relative frequency

for rays returning for the two directions could not be stated. An advanwée
of this information has already been used by the Facility Planning Group at
-MSFC in the design andvlayout of the SATURN V static test stand.

A knowledge of the freqlJ:ency of rays returning anywhere along an
azimuth leaves much to be dgsired for detail facility planning. More
useful would be a _knowledge of the frequency of rays returning within a
given area. Since the computations of rays returning were by necessity
carried out in a polar coordinate system a unit area is designed by 5 km
intervals along each of the 36 azimuths and +5°¢ along each of the 36

azimuths. The frequencies at which at least one ray returned within a
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5 km interval along each of the 36 azimuths were computed. These
frequencies are summarized for January and July (Figs. 16 and 17). The
highest insistence of rays returning is east of the static test stand out to
a distance of 10 km., it is noted that the Army Offiée Buildings and
Industrial inerations are located in the first 5 km of the static test stand.
Between 10 and 20 km east of the test stand is located a recently constructed
residential area. The business district of Huntsville is located northeast of
the static test stand between 10 and 15 km. So? it is obvious an engineering
effort should be made to minimize the sound‘pressure level produced by the
boosters in these directions. During July the frequency of rays returning
versus distance from source is more circular than for January. The
boundaries of the Federal Reservation are approximated by a circlfa of 10 km
radip.s. Thus, it is observed that there is less than a 25% chance that rays
will return outside the reservation boundaries during July.

Due to the directivity effectsthe static test stand should be orientated
such that the sound pressure level is minimized east and northeast of the
static test stand. These conclusions are valid for the existing community
construction. However, it is now understood that a multi-million dollar
jet airport will be constructed just west of the arsenal ‘boundaries in 1965
or 1966. This poses another problem and that is predicting the future

growth of a community surrounding the static test area.
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The question that still must be answered is how frequent will
atmospheric conditions be such that anomalous sound propagation will
cause distrubances to the outlying community due to static test of the
SATURN V or other vehicles yet to be built. Using the theoretical
intensity level equation as described previously, the frequencies at
which the intensity levels equal or exceed 110 db for those cases which
produce rays returning have been calculated. It must be realized that no
attenuation factor has been included in these calculations; therefore, the
frequencies at which the intensity level exceeds 110 db will be higher than
they should be. If the vibrating frequencies of the sound spectrum for the
SATURN V is somewhat lower than the SATURN I, the neglect of the
attenuation terms may not appreciably change the frequency at which 110 db
is exceeded versus distance from the sound source. From Figs. 18 and 19
it is concluded that when rays return there is a high probability that the
sound generated byAtth / ;vill equal or exceed 110 db out to distances of
20 km.

As a final note on the statistical analysis as presented in this paper,
it is realized that the available data sample is small for the detailed
statistical treatment as presented in Figs. 16 through 19. The techuniques
or methods of statistical analysis should prove helpful in determining
statistics of acoustical parameters for other locations and related
problems. However; the statistical analysis of the acoustical parameters

individual measurements
should be performed using/atmospheric /  specifically for the localities

of interest.
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SECTION VI. OPERATIONS

At MSF C an atmospheric measuring system has been in operation
since October 1961. The equipment consists of two GMD-1B's with capa-
bilities of operatin;/sGMD—Z units. Through a switching mechanism the
GMD-2 capability can be operated automatically to produce punched cards

and
for azimuth/elevation angles, ratios of temperature and humidity ordinates,
and slant rangek at 5-secintervals of balloon flight time. This later system
is known as the ADP-System, that is, automatic data processing system
(Ref. 24). The atmospheric measurements at MSF C are the responsibility
of the Atmospheric Measuring Group which is under the direction of Mr.
Robert Turner, Predictions up to 36 hr in advance of static tests are
required for the wind speed, direction and virtual temperature profiles.
Weather charts by facsimile and weather teletype information are received
to assist in making these predictions. From 6 hr priof to static test time
until actual static test time, rawinsonde measurements are éerformed at
1 to 2-hr intervals. Also, during this time the Test Laboratory obtains
sound pressure level measurements using the acoustical horn as a sound
source. If through these measuring techniques and predictions the sound
pressure level appears to be too high, that is, equal to or greater than

110 db in the communityy the test conductor cancels the static firing and

reschedules the test when the atmospheric conditions are more favorable.
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Fig. 4. 1Idealized Velocity of Sound Profiles and Ray Patterns
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